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: T 1 solution phantom image at 7 T and 25 °C of complexes 1-4 and Prohance®. TE = 11 ms, TR = 500 ms, MTX = 256 x 256, and slice thickness is 1.0 mm. The inverse of the longitudinal relaxation time (1/T 1 , s -1 ) was plotted against Gd(III) concentration (mM) and fitted to a straight line with R 2 > 0.99. The slope of the fitted line was recorded as the relaxivity, r 1 (mM -1 s -1 ).
Figure S21
: T 2 solution phantom image at 7T and 25 °C of complexes 1-4 and Prohance®. TE = 11 ms, TR = 500 ms, MTX = 256 x 256, and slice thickness is 1.0 mm. The inverse of the longitudinal relaxation time (1/T 2 , s -1 ) was plotted against Gd(III) concentration (mM) and fitted to a straight line with R 2 > 0.99. The slope of the fitted line was recorded as r 2 (mM -1 s -1 ).. Linear (Series1) Linear (Series2) Linear (Series3) Figure S24 . Relaxivity of 3 in 4 mM cholate at 1.41 T and 37 °C measured in triplicate. The slope of the linear fit of 1/T 1 versus the concentration of Gd(III) gives relaxivity. Linear (Series1) Linear (Series2) Linear ( Linear (Series1) Linear (Series2) Linear (Series3)
Description of dynmanic light scattering (DLS) fitting
Dynamic light scattering data was analyzed by autocorrelation as fitted by cumulant analysis and distribution analysis. All samples were measured at 1.2 mM Gd(III) concentration. 1, 2, and 3 showed highly reproducible autocorrelations (Figure S26A) . This result indicates the high quality of the obtained measurements and unequivocally confirms the formation of lightscattering structures by 1, 2, and 3. In comparison, measurements performed on the control samples resulted in uncorrelated noise (Figure S26B) . Similar results were obtained from water, 4 mM sodium cholate, 4 in both water and cholate, and ProHance in both water and cholate. Qualitatively, the larger magnitude and right-shift of the autocorrelations of 1 and 2 as compared to 3 at the same Gd(III) concentration (lower molecular concentration) suggest the presence of larger particles that scatter light more intensely. The autocorrelations additionally suggest that cholate does not significantly alter the formation of light-scattering structures by 3 ( Figure  S26A) . Cumulant analysis of an autocorrelation function up to the second-order term models the diameter mean and variance of an assumed single particle species. Analysis of the autocorrelations of 3 in both water and cholate resulted in good fits with PDIs of 0.25 -0.30, indicating a high likelihood of mono-species formation (Figure S27, Table 2) . The fitted zaverage diameters were 7.1 ± 0.2 nm and 5.8 ± 0.3 nm for 3 in water and cholate, respectively, consistent with the formation of micelles ( Table 2) . In contrast, the cumulant residuals for 1 and 2 were large (> 0.005) with a PDI of 0.67 and 0.41 for 1 and 2, respectively. These results point to the possibility that multiple light-scattering structures are formed by 1 and 2.
Distribution analysis showed two reproducible peaks for both 1 and 2 with small fit residuals (Figure S28) . For 1, the two particle sizes were 5.9 ± 2.4 nm and 117 ± 69 nm; for 2, they were 6.0 ± 1.6 nm and 133 ± 66 nm (Table 2, Figure S29) . These results indicate that larger liposomes were formed by 1 and 2 in addition to micelles. Even though the liposomes scattered more total light, the majority of the light-scattering species were in fact micelles; the intensity of scattered light increases to the sixth power of particle diameter. An estimate based on size and peak area showed the ratio of micelles to liposomes to be approximately 10 6 -10 7 . Similar results were obtained when measurements were repeated at [Gd(III)] = 100 µM further indicating reproducibility of the measurements. For comparison, distribution analysis of 3 showed a single prominent peak at 6.7 ± 2.0 nm and 6.1 ± 2.5 nm in water and cholate, respectively, consistent with the fitted z-averages (Table 2, Figure S29) .
Therefore, under the conditions measured, 1, 2, and 3 form micelles with a size distribution of 6 ± 3 nm. Additionally, 1 and 2 form a marginal population (<< 0.1% by number) of liposomes 50 -200 nm in size. Figure S29 . Intensity particle size distribution plots of (A) 1, (B) 2, (C) 3 in cholate, and (D) 3 in water. Triplicate measurements were obtained and shown to be highly reproducible. All complexes show the formation of 6 nm micelles with a size distribution of approximately ±3 nm. Additionally, liposomes 50-200 nm in size were detected in 1 and 2. Due to the sixth-power dependence of light scattering on size, the liposomes represent the minority population even though they scatter more total light.
Toxicity of Contrast Agents and Cholate
IC 50 values were determined for 1-4, Prohance®, and cholate by incubating HeLa cells with varying concentrations of agent for 24 or 72 hours (Figure S30, Table S2 ). Lipophilic complexes show increased toxicity compared to 4 and Prohance®. 3 was the least toxic lipophilic complex with an IC 50 value of 0.339 mM followed by 2 (0.146 mM) and 1 (0.091 mM) after a 72-hour incubation ( Table S2) . Concentrations for all subsequent cell culture experiments were selected based upon the viable range (90% cell viability or higher) measured in these assays. Table S2 for quantification. Figure S31 . The toxicity of cholate was determined with MTS assays after 24 and 72 hours of incubation with HeLa cells. Based on these assays, an incubation concentration of 0.4 mM was chosen for all subsequent experiments. See Table S2 after quantification. To further confirm the health of cells labeled with the admittedly toxic lipophilic agents, viability was assessed using microcapillary flow cytometry. Specifically, HeLa and MDA-MB-231-mcherry cells were incubated with concentrations of 1-4 and Prohance® within the viable range measured in the MTS assays described above for 24 hours. Cells were harvested, mixed with Guava ViaCount reagent, and analyzed for viability with a Guava EasyCyte Mini Personal Cell Analyzer. Viability was found to be greater than 90% for all concentrations measured (Figure S32) . 
Non-specific Binding of Lipophilic Contrast Agents
To investigate the susceptibility of lipophilic complexes for non-specific binding, HeLa cells were incubated with complexes 1-4 and Prohance® at equalized Gd(III) concentration of 50 µM for 24 hours. Cells were either harvested without centrifugation or spun down at 1000xg for 5 minutes to reduce non-specific binding. Cell uptake was reduced 2-2.5 fold for each complex after centrifugation (Figure S33) . The spin-down procedure was adopted for all subsequent cell culture experiments. Figure S33 . Non-specific binding was investigated by incubating HeLa cells with 1-4 and Prohance® at equalized Gd(III) concentration of 50 µM for 24 hours. Some samples were subjected to spin down by centrifugation prior to uptake analysis. These samples exhibited 2-2.5 fold less uptake of Gd(III) than cells that were harvested without centrifugation. Error bars represent ± standard deviation.
The Effect of Cholate on Cell Labeling
Since 1 and 2 are insoluble in water and must be administered to cells in cholate, we investigated the effect cholate would have on cell labeling. Specifically, HeLa cells were incubated with varying concentrations of water soluble complexes 3, 4, and Prohance® in the presence and absence of cholate. At low incubation concentrations, lipophilic complex 3 exhibited higher cell uptake in the absence of cholate, however; at high incubation concentrations cholate increased cell uptake by approximately 2-fold (Figure S34) . A similar trend was observed with 4, though cholate did not affect the uptake of Prohance® (Figure S35) . Figure S34 . The effect of cholate on cell labeling was determined by incubating HeLa cells with increasing concentrations of 3. At high incubation concentrations, cholate increased cell labeling, but at low incubation concentrations cholate decreased cell uptake. Error bars represent ± standard deviation. Figure S35 . The effect of cholate on cell uptake was determined by incubating HeLa cells with increasing concentrations of 4 and Prohance®. Cholate increased the cell uptake of 4 at high incubation concentrations, but did not affect the uptake of Prohance®. Error bars represent ± standard deviation. Figure S36 : Time dependence of cell labeling of complexes 1-4 was determined by incubating HeLa cells with 50 µM Gd(III). For each complex, labeling increases with increasing incubation time. A 24-hour incubation time was selected for subsequent cell culture studies. Figure S37 : T 2 -weighted cell pellet images of HeLa cells incubated with 1-4 and Prohance® and at 7 T. Scale bars represent 1 mm. A. Probe concentration was equalized at 20 µM. (T E = 55 ms) B. Gd(III) concentration was equalized at 90 µM (T E = 22 ms). For both images TR= 5000 ms, MTX = 256 x 256, and slice thickness is 1.0 mm. Scale bars represent 1 mm. Error represents ± standard deviation of the mean of 4 slices. These images show that 1 and 2 produce the most significant T 2 -weighted contrast enhancement compared to untreated cells.
